It is shown that in a large class of E(6) models, either an e + e − collider operating at √ s ≥ 1.5 TeV must find a signal for the production of exotic leptons, or a collider operating at √ s ≥ 300 GeV must find at least one light neutral Higgs boson with a large invisible branching ratio. The region of parameter space where neither of these signals is visible can be excluded because here the lightest neutral exotic lepton, which is absolutely stable, would overclose the Universe.
Superstring-inspired E(6) models [1] postulate the existence of a large number of new (s)particles, including new gauge bosons, exotic quarks and leptons, lepto-or di-quarks, and an extended Higgs sector. Unfortunately most of these (s)particles might be very heavy; the structure of the theory allows to increase their masses more or less arbitrarily, either "by hand" (as in case of sfermions and gauginos), or by coupling them to the vev x of an SM singlet Higgs field. Searches for these (s)particles can therefore constrain (or find evidence for), but never strictly rule out this class of models.
There are two notable exceptions to this rule, however. One is the lightest scalar neutral Higgs boson which, as in all weakly coupled supersymmetric theories [2] , must have [3] a mass below 150 GeV or so. Large lower bounds [1, 4] on the masses of new gauge bosons imply that this light Higgs boson must be essentially a mixture of the SU(2) doublet Higgs fields of the model, as in the MSSM; an e + e − collider operating at center-of-mass energy √ s ≥ 300 GeV must therefore find at least one of these Higgs bosons [5] . However, precisely because all (weakly coupled) SUSY theories predict [2] the existence of at least one observable [6] , rather light Higgs boson, this does not lead to a very specific test of the E(6) models under consideration.
Such an E(6) specific test can be devised [7] using the observation [8] that these models also predict the existence of at least two exotic neutral "leptons" with masses not much above that of the Z boson. Each 27 of E(6) contains five neutral fermions: The usual neutrino ν L ; the exotic SU(2) doublets H 0 , H0 ; and the Standard Model singlets ν R and N . ν R resides in the 16 of SO(10); it might be essentially massless, or it may obtain a mass ≥ 1 TeV due to nonrenormalizable interactions of the form
10 GeV, as in certain see-saw models of neutrino masses [9] . In either case the ν R fields have little impact on collider phenomenology. This is quite different for the remaining three neutral fermions per generation. It is always possible to choose a basis where only one of the scalar N, H 0 andH 0 fields has a nonzero vev; following the notation of ref. [10] , these are denoted by N 3 , H 3 ≡v. The fermionic superpartners of these Higgs fields then mix with the gauginos of the model to form the six (or more) neutralino states. Here we are interested in the first two generations of fermionic H,H and N fields. They obtain their masses from the superpotential
This gives rise to the mass matrix [in the basis (
Eq. (2) is based on two assumptions. The first, and crucial, condition is that no N−scalar gets a vev much in excess of 10 9 GeV; otherwise nonrenormalizable operators of the form
could produce large entries on the diagonal of the mass matrix, and the arguments presented below would be invalid. The second, purely technical assumption is that the first two generations of exotic "leptons" do not mix with the gaugino-higgsino sector of the model. This is technically natural [11] , and requires that λ 33i = λ 3i3 = λ i33 = 0 for i = 1, 2. This second assumption has been made purely for the sake of convencience; relaxing it will not change the result significantly.
Note that some of the entries of the mass matrix (2) are equal to the masses of the charged exotic "leptons", which are given by m L ± i = λ ii3 x. Since (in the absence of a signal for new gauge bosons) no upper bound on the singlet vev x can be given, these charged exotics can be very heavy. Also, future e + e − colliders will easily detect them unless their masses exceed the beam energy. In contrast, all other entries of this mass matrix are of order 100 GeV or less; otherwise at least one of the couplings appearing in eq. (1) would have a Landau pole at a rather low energy [8] , and the theory would no longer be weakly interacting. If lower bounds on the m L ± i continue to increase, we will soon be in a situation where the mass matrix (2) can be approximately diagonalized analytically. There are then four heavy eigenstates, with masses ±m
2 , the remaining two eigenvalues must be quite small [10] :
Note that the upper bound on these eigenvalues decreases as the mass of the charged exotic "leptons" is increased [8] . This is illustrated in Fig. 1 , taken from ref. [7] , which shows the upper bound on the mass of the lightest neutral exotic "lepton" as a function of the lower bound on the mass of the charged exotic "leptons". Note that we also have required
here, so that associate L that can be derived from the nonobservation of signals for exotic "lepton" production, including a proper treatment of all relevant cross sections [7] .
Increasing the lower bounds on the masses of the charged, or heavy neutral, exotic "leptons" also decreases the SU(2) doublet components of the light eigenstates L 0 1 and L 0 2 . This decreases their production cross sections at e + e − colliders, and thus makes it easier for them to escape detection. However, it can also lead to cosmological problems. The reason is that the exotic "leptons" have odd R−parity if they have any superpotential couplings to ordinary matter. If R−parity is conserved, L 0 1 must therefore be absolutely stable if it is lighter than the lightest neutralino. Notice that in this class of models, the SUSY breaking scale is generally of order of the mass of the new Z ′ boson, not of order m Z . Fig. 1 shows that m L 0 1 will have to be smaller than the mass of the lightest neutralino if a 1 TeV e + e − collider fails to discover exotic "leptons", and if LEP2 fails to discover charginos. ‡ A stable L 0 1 might be problematic, since some fraction of the "leptons" that were produced during the Big Bang are still around today. This fraction is inversely proportional to the total ‡ The failure to discover charginos implies a lower bound on the mass of the lightest neutralino, since the "singlino" will decouple from the other neutralinos in the limit x ≫ v,v.
annihilation cross-section for L 0 1 pairs [12] :
where Ω(L states, which are very difficult to probe directly at e + e − colliders, as noted above; it therefore nicely complements exotic "leptons" searches at future colliders. This is illustrated in Fig. 2 , which shows the fraction of parameter space surviving certain constraints, as a function of m L 0
1
. The dotted histogram has been obtained by requiring that a future 1.5 TeV collider does not find charged exotic "leptons", and that LEP1 did not find the light neutral exotics; this latter constraint turns out to be trivially fulfilled here. The dashed histogram shows that searches for neutral exotics at a 1.5 TeV collider can rule out many scenarios where the charged exotics escape detection; this shows that an e + e − collider is much better suited for this test than a γγ collider of similar energy. However, most parameter combinations with a light L 0 1 still survive. Finally, the solid histogram shows that only a very small region of parameter space remains allowed once the relic density constraint Ωh 2 ≤ 1 has been imposed. It turns out [7] that these few surviving scenarios always predict a large invisible branching ratio for at least one light neutral Higgs boson. I argued above that the relic density constraint requires L [7] show that these decays overwhelm the otherwise dominant decays into bb and W W * final states, leading to an invisible branching ratio between about 50% and 95% for at least one, and possibly two, light Higgs boson(s). Such Higgs bosons would be readily detectable at an e + e − collider with √ s ≥ 300 GeV, where their invisible branching ratio can also be measured to ∼ 10% precision. Hence the model could be completely ruled out if a 300 GeV collider fails to discover a light Higgs boson with large invisible branching ratio, and a 1.5 TeV collider fails to discover signals for the production of exotic "leptons". The only assumptions we have made are that R−parity is conserved, and that no N scalar gets a vev larger than 10 9 GeV or so. There is a possible loophole, however. This analysis relied heavily on the form of the mass matrix for the neutral exotics, eq.(2); in particular, the zeroes in the ( N i , N j ) entries are crucial for the derivation of eq.(3). These zeroes are a consequence of gauge invariance under the new U(1) and/or SU(2) group factors characteristic for string-inspired E(6) models [1] . However, we know that this additional gauge symmetry must be broken quite badly, since the corresponding new gauge bosons have to be heavy. It is therefore possible [13] that one-loop corrections produce new sizable non-zero entries in the mass matrix (2) . The most dangerous contributions come from diagrams where an N i fermion splits into an H fermion and anH boson (or vice versa), and then re-combines (with a mass insertion on the internal fermion line) into an N j fermion. This would give a contribution of order
where λ stands for any coupling in eq. (1), and A is a trilinear soft SUSY breaking parameter, which appears because a nonzero contribution necessitates mixing between H andH scalars. Since the couplings in eq.(1) all have to be ≤ 1, the contribution (5) can only be significant if A is considerably larger than 1 TeV, which raises finetuning problems. Note also that such a contribution, if sizable, will tend to reduce the SU(2) doublet components of the light neutral exotics, and hence their couplings to gauge and Higgs bosons; this might exacerbate the cosmological problems. A more complete calculation is necessary before we can decide whether this ugly little loophole indeed exists.
